We present a transcriptomic analysis aimed at investigating whether the changes in gene expression that occur under inbreeding generally reduce or enhance inbreeding depression. Discerning between these two alternatives can only be addressed when both changes in expression due to inbreeding and to inbreeding depression are estimated simultaneously. We used Affymetrix 2.0 arrays to study the changes in gene expression associated with both inbreeding and inbreeding depression for fitness in four sets of inbred sublines of Drosophila melanogaster. We found that for most genes showing changes in expression associated with inbreeding, the least depressed sublines were those showing the largest departures in expression from that of the outbred control. This suggests a pattern consistent with a protective role of expression changes against inbreeding effects, and would reveal a new dimension of the transcriptomics of inbreeding. The variation in depression observed could then be due not only to the genetic damages primarily originating that depression, but also possibly to differences in the ability to carry out the appropriate adjustments in gene expression to cope with the inbreeding. We also found that these expression changes with a putative protective role against inbreeding effects show a clear specificity on RNA synthesis and splicing and energy derivation functions.
INTRODUCTION
Inbreeding depression, the reduction in fitness observed in the progeny of genetically related individuals, plays a key role in population biology, affecting processes as diverse as the management of livestock and endangered wild species (Keller and Waller 2002; Koenig and Simianer 2006) , the evolution of mating systems (Kelly 2005 ) and the dispersal strategies (Motro 1991; Gandon 1999 ). The population genetics of this depression is well understood (Lynch 1991; Charlesworth and Charlesworth 1999; Charlesworth and Willis 2009) , but the genomic details about the mechanisms causing it are just starting to be unveiled (Paige 2010) . In particular, it would be important to determine the relationship between gene regulation and inbreeding, as regulatory variation underlies much of phenotypic diversity (Wilson et al. 1974; Carroll 2005; Ranz and Machado 2006) . Evidence has been provided for significant intraspecific variation in transcript abundance for a large fraction of the genome (Primig et al. 2000; Sandberg et al. 2000) , and that much of such variation is heritable (Karp et al. 2000; Cavalieri et al. 2000; Jin et al. 2001) , suggesting that regulatory variation is likely the main mediator of phenotypic divergence in evolution (King and Wilson 1975; Wray et al. 2003; Hoekstra and Coyne 2007) . Therefore, genetic correlations between expression phenotypes and organismal phenotypes point to the molecular pathways that underlie the organismal phenotypes (Rockman and Kruglyak 2006) . Thus, an understanding of the molecular basis of inbreeding depression requires knowledge of variation at the whole-genome level (Ayroles et al. 2009 ).
Using whole-genome c-DNA microarrays, which make it possible to study the gene expression changes associated with inbreeding, Kristensen et al. (2005) compared the expression profiles of Drosophila melanogaster virgin males taken from inbred and control outbred lines and discovered that many different genes were differentially expressed with inbreeding, and that genes involved in metabolism, biological defense and stress responses were overrepresented among them. Ayroles et al. (2009) inbreeding and inbreeding depression effects in both studies found a significant overlap between the two, although there was also a great effect of genetic background on transcriptome patterns (Sarup et al. 2011) .
The above studies, however, did not allow ascertaining whether the observed expression changes were either a functional, fitness increasing response to compensate for some physiological inefficiency caused by inbreeding, or just a consequence of defective gene regulation (Girardot et al. 2004; Kristensen et al. 2010) . Discerning the changes that alleviate the depression from those that generate it can only be addressed when both the changes in expression due to inbreeding and to inbreeding depression are estimated simultaneously. Here we present a study focused on this objective.
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The alternative hypotheses that we try to test are shown in Figure 1 . For those genes where inbred lines´ expression differs from outbred lines´ expression, two patterns are possible. In the first, the most depressed individuals (+D) deviate more from the outbred controls (C) than the least depressed ones (-D). These expression changes could be either dysfunctional (the most depressed individuals change most) or protective (changes are needed to be larger in the individuals suffering most depression). Because of this ambiguity and to be conservative, we denote this pattern as non-protective. For the alternative pattern (protective), in which the most depressed individuals deviate less from the outbred control than the least depressed ones, the interpretation is less ambiguous. Genes showing this kind of response could have a role in protecting individuals against the effects of inbreeding, those failing to complete the appropriate changes in expression suffering more depression.
-Figure 1 -
In this work, we analyzed changes in gene expression in different Drosophila melanogaster inbred sublines differing in their magnitudes of inbreeding depression relative to the expression in an outbred control in order to evaluate the relative importance of protective and deleterious gene expression changes associated with inbreeding. Our results suggest that most changes in gene expression associated with inbreeding are compatible with a protection against the effects of inbreeding.
MATERIALS AND METHODS
Base population and culture conditions 7 The Drosophila melanogaster base population was founded in November 2006 from a sample of more than 1000 individuals collected in a wine cellar close to Vigo (Galicia, northwest Spain). The population was maintained in around 30 bottles (30-60 individuals per bottle) with circular mating until the start of the experiment in July 2008. Flies were reared in a culture medium composed of 1 l water, 100 g brewer's yeast, 100 g sucrose, 12 g agar, 2.5 g NaCl, and 5 ml propionic acid and were handled at room temperature under CO 2 anesthesia. All cultures were incubated in a chamber at 25 ± 1ºC, 65 ± 5% relative humidity, and maintained under continuous lighting. Virgin males and females were used for mating across the entire experiment.
Inbred lines and sublines
Four couples were randomly collected from the base population and placed into separate vials to generate 4 independent lines (Figure 2) . From their progeny, 55 full-sib sublines (single brother-sister mating) were initiated for each line. At generation 4, when the expected inbreeding coefficient achieved was 0.5, the number of surviving sublines was 38, 43, 27 and 39 for each of the 4 lines, respectively. To minimize further line losses, from generation 5 to generation 8 the sublines were maintained with two males and two females (full sibs) placed into the same vial. Because of this, the expected inbreeding coefficient at generation 8 (F = 0.709) would present a small variation among sublines (0.000512; value obtained by simulating 1000 times the pedigree data of the mating system carried out until generation 8). The numbers of surviving sublines available for analysis in generation 8 in the four lines were 25, 31, 17 and 27.
- Figure 2 - 
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Productivity evaluation
The character measured to select the most and least depressed sublines was pupa productivity, a composite trait including fecundity and offspring-pupa viability. The trait behaves as a typical fitness trait, showing substantial inbreeding depression (1.2% per 1% increase in inbreeding coefficient), and asymmetrical response to artificial selection (realized heritability 0.05 for upward selection and 0.4 for downward selection) (unpublished data obtained from the same base population). The productivity of the sublines was evaluated at generations 4 and 8. From each subline, three evaluation replicate vials were established using a single virgin couple per vial (generation 4) or two virgin couples per vial (generation 8). At generation 4 an evaluation of the productivity was also carried out for the base population (used as a non-inbred control). Seventy virgin couples were randomly collected from the base population and put in single vials simultaneously with the inbred sublines. The control was maintained with circular pair mating throughout the experiment. To evaluate the total productivity of each vial, we counted the number of pupa present after a 14-day incubation period (so that most life-time pupa production was considered), and the productivity of each subline was computed as the mean value of the three replicates.
Since we had only one (at generation 4) or two (at generation 8) laying females per vial, population density was uniformly low in all vials. Mean productivities for each line at generations 4 and 8 as well as for the control base population at generation 4 are shown in Supporting Figure S1 . At generation 4, the rate of inbreeding depression was 1.14, 1.02, 0.97 and 1.12% per 1% increased in inbreeding for lines a, b, c and d, respectively.
For each line, the three sublines showing the lowest productivity and the three sublines showing the highest productivity at generation 8 were chosen for expression analysis, 9 along with the outbred control base population (Figure 3 ). The number of arrays analyzed was thus 27. The distributions of the productivities of all sublines are shown in Figure 3 , and the average productivity of the chosen sublines in Figure 4 . Note that the average productivity of the highest productivity sublines was about three times larger than that of the lowest productivity sublines.
-Figures 3 and 4 -
Expression Arrays
For the expression analysis 30 males from each selected subline and 3 groups of 30 males from the control (in all cases between 1 and 6 days after adult emergence) were collected at generation 8. These flies were anesthetized with CO 2 , frozen in liquid nitrogen and stored at -80ºC prior to RNA extraction. Total RNA purification was performed with the RNeasy Mini kit (QIAGEN, Valencia, CA). RNA concentration was determined using a Thermo Fisher Scientific NanoDrop 1000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA). RNA integrity was assessed on an Agilent 2100 Bioanalyzer (Agilent, Palo Alto, CA). cDNA was synthesized with One-Cycle cDNA Synthesis kit (Affymetrix) following the Affymetrix Expression Analysis Technical Manual protocol. cRNA was synthesized from this cDNA using the Affymetrix IVT Labeling kit and purified with the Affymetrix GeneChip Sample Cleanup Module kit, being eluted in a total volume of 22µl of RNase-free water.
Purified cRNA was quantified spectrophotometrically, and 15 µg of each biotinylated cRNA sample was fragmented and mixed with hybridization buffer (100 mM MES, 1M NaCl, 20 mM EDTA, 0.01% Tween 20) and loaded into the Affymetrix Drosophila GeneChip Array (version 2.0). This single array contains 18,500 transcripts with 14 probes per transcript. After hybridization, arrays were washed and stained using Affymetrix fluidic station. Arrays were then scanned using the Affymetrix GeneChip Scanner 3000. The Robust Multichip Average (RMA) method (Bolstad et al. 2003) was used for background adjustment, quantile normalization, and probe-level summarization of the microarray samples. RMA expression summary was computed using Partek Genomics Suite v. 7.3.3 (Partek) and the Affy package in Bioconductor (Gentleman et al. 2004) . To exclude genes that were not accurately detected in the data analysis probe, sets with less than one present call within at least one of the samples were disregarded.
We used two normalized sets of expression data. The first set includes data of the three control samples and all inbred sublines, to study the effect of inbreeding. The second set includes the inbred sublines only, to study the effect of the line, depression importance and their interaction. The number of probe sets with some evidence of expression was 9133 in the inbred + control sublines set, and 9113 in the only inbred sublines set.
Probe sets associated with phenotypic variation
We used SAM (Statistic Analysis for Microarrays; Tusher et al. 2001) following Storey and Tibshirani (2003) , in a SAM procedure in which the permutation pattern was adapted to each studied factor following the guidelines for mixed models in Anderson and Ter Braak (2003) : for the fixed Dep, the Lin residuals were permuted as Dep × Lin units (approximate test). For the random Lin, raw observations were randomized within levels of Dep (exact test). For the interactions, the residuals left after adjusting for the Dep and Lin effects were permuted (approximate test). The R code used for these analyses is available from the authors on request. In every probe set, the fixed Dep mean squares were tested against the Lin × Dep mean squares, and the random Lin, against the error mean squares.
Analysis of gene functions
We used the DAVID Bioinformatics Resources 6.7 (http://david.abcc.ncifcrf.gov/home.jsp; Dennis et al. 2003) . These programs can use lists of probe sets as input, and provide results in terms of the corresponding genes. Our basic tool was the Functional Annotation Clustering, which clusters functionally similar terms in the user's gene list into groups. In all cases, we chose as option the medium classification stringency, and, as recommended by the authors, retained clusters having enrichment scores > 1.3. The enrichment score is the geometric mean of all EASE (Expression Analysis Systematic Explorer; Hosack et al. 2003) scores (P values) of each annotation term in the group. Enrichment score 1.3 is equivalent to nonlogarithmic scale 0.05. The DAVID Cluster Annotation tool enables the user to specify a background list of genes against which to look for relative functional enrichment in a given gene list. We applied this procedure to compare the most significant genes in a gene expression category against the whole of genes in that category. Because the Functional Annotation Clustering tool has a limit of 3000 genes for the input lists, we used instead the less restrictive Functional Annotation Chart tool (we kept functional terms with FDR < 0.1) for the analysis of the longer gene lists in the more general gene categories in our results. In addition to this large-scale, exploratory analysis, we made direct significance tests for genes pinpointed as candidates by different kinds of a priori information.
RESULTS
The number of significant probe sets resulting in FDR < 0.1 in the inbreds vs. control and GO:0005811, lipid particle, and the second, SP PIR Keywords ank repeat; Interpro ankyrin and Smart ANK.
We next investigated whether the prevalence of the protective pattern found in the 138 probes significant for Inb and Dep effects (Fig. 6 ) was also apparent for the whole set of analyzed probes. Thus, we carried out a randomization test for the proportion of probes showing a protective vs. non-protective pattern (we excluded from this analysis the pattern called "other" in Figure 1 , as these were not relevant for the intended test). Thus, we carried out 1000 permutations of the positions of the inbred samples for all probes. Figure 7 shows the observed proportion of protective patterns found (between 50% and more than 80%) in comparison with the expected random proportion (50% of each pattern). In this figure, probes are represented according to the absolute value of the Student's t value for the comparison between the most depressed and the least depressed contrasts (Dep effects). Thus, in the left-hand side of the X-axis are represented those probes with little difference in expression between the most depressed and the least depressed sublines, whereas in the right-hand side of the X-axis are represented those probes with the largest difference in expression between the most depressed and the least depressed sublines. The figure shows that the prevalence of the protective pattern is a general observation. However, only the three right-hand points had a proportion of protective patterns significantly larger than those obtained at random after randomization (P = 0.00, 0.01 and 0.02, respectively).
-Figure 7 -
We further investigated if a higher proportion of probes with the protective configuration was apparent when all 9133 were ranked according to the Student's t value for the comparison between inbred and outbred contrasts. This is shown in Figure   8 . It is clear that, for probes with large absolute values of t, there is again an overrepresentation of the protective configuration (circles) with respect to the nonprotective one (triangles). The same pattern was dominant when the four experimental lines were analyzed separately (Supporting Figure S2) . However, no significant differences between the observed proportion of protective probes and a random 15 proportion were found in the randomizations for this case (not shown), likely because these differences were less associated with the proportion of protective patterns (compare these proportions' extreme values in Fig.7 and Fig. 8 ).
- Figure Table S1 ). When the analysis was restricted to the probe sets up-regulated and with protective expression profiles (opened circles),
those showing the most extreme up-regulation were relatively more enriched in RNA splicing functions. Moreover, when the analysis was restricted to the probe sets downregulated and with protective expression profiles (closed circles), those showing the most extreme down-regulation were relatively more enriched in energy derivation related terms.
As a more conservative and robust functional analysis, we looked for enriching terms that appeared for a particular profile (protective, non-protective, up-regulated or downregulated) in all four inbred lines and did not appear in any line for the other profiles.
These are the results given in Figure 9 . The inbreeding down-regulated genes with protective profiles had a clearly higher degree of similarity and specificity between lines, the number of functional terms coincident in the four lines was as large as 79.
These results suggest a precisely regulated transcriptomic response to inbreeding. The other category of protective profiles, that involving up-regulated probes, had 14 specific functional terms. No specific terms were found for the non-protective categories, which suggest a more heterogeneous causation for these expression differences. There were no common functional terms for both protective and non-protective extreme probe sets (right-hand marginal zero values), but the up-regulated categories, and also the downregulated ones, shared some (lower marginal figures), very general functional terms.
The inbreeding up-regulated probes tended to be related with transcription, and the inbreeding down-regulated ones, with energy. The terms in the corresponding protective categories involved similar concepts, but were more restricted, and in the case of the protective down regulated, much more diverse.
- Figure 9 -
DISCUSSION
Inbreeding seems to produce large-scale transcriptomic changes in Drosophila melanogaster. About one half of the expressed genes in our experiment had differences (FDR < 0.1) in expression between inbred lines and outbred controls. Up-regulation arising from inbreeding was more frequent than down-regulation, and a majority of changes corresponded to expression profiles consistent with protective responses, where the least depressed lines changed in expression more than the most depressed ones. The high frequency of protective-consistent patterns of expression seems to be a robust observation, made in the four independent lines analyzed. According to this interpretation, inbreeding would therefore constitute an organismal challenge requiring the activation or de-activation of a large number of genes to cope with it. For many genes, this change would not be fulfilled, leading to a higher inbreeding depression for individual fitness.
A possible problem with gene-expression measurements using microarray data is sequence mismatches due to sequence heterogeneity among target DNA at many base pairs. In the presence of such sequence mismatches, relative hybridization intensities could reflect both differences in transcript abundance and differences in hybridization kinetics. However, the impact of sequence heterogeneity on the main results of our paper is expected, a priori, to be modest, because we aimed at highly inbred lines from a single population and a single species. Gene-expression measurements in different species (Drosophila melanogaster and Drosophila simulans) using single-species Affymetrix arrays did not reveal a consistent variation in signal intensity due to sequence mismatches (Nuzdhin et al. 2004) , despite that these two species split 2.3 ± 0.3 mya ago (Li et al. 1999 ).
In any case, the hypothesis that the pervasive protective pattern observed from our data is a consequence of sequence mismatches is difficult to defend because it would imply two contrasting assumptions. We observed that, for a majority of genes, the expressions of the most depressed sublines were intermediate between the expressions of the control and the least depressed sublines, and this happened both for up-and down-regulated genes under inbreeding. It could be hypothesized that the largest heterogeneity in probe mismatch sequence occurred in the most depressed sublines, leading to higher mismatch rates and weaker hybridization signals (i.e. closer to the control ones), as observed in the up-regulated genes. But then, to explain the same protective pattern in the downregulated genes, it should be necessary to assume that the largest heterogeneity and weaker hybridization signals (i.e. farther away from the control ones) occurred this time in the least depressed sublines. Thus, it would be hard to explain why mismatches should be more frequent on the most depressed sublines than in the least depressed sublines in the case of up-regulated genes, and the opposite in the case of downregulated genes.
Nevertheless, a way to obtain indirect information on the effects of sequence variation and other confounding factors on the results of our experiment is to ascertain the agreement between probes of the same gene. We identified the 300 expressed genes displaying more than one probe set in the array. Probes attributed to the same gene would be subject to the same regulation and would be expected to have consistent expression levels. The average Pearson correlation of hybridization signals for the 248 genes with only two probe sets across the 27 microarrays assayed in this experiment was 0.58, a positive value consistent with regulation-caused variation in signal intensity, but not with independent changes in sequence in the two probe sets from the same gene.
This large but non-unity correlation would reflect experimental noise, and possible sequence mismatches and alternative splicing. To do a test directly related with the protective variation patterns, we took each of the above 300 genes and assigned values of 1 or 0 to the two probes of each gene depending on whether they showed protective patterns or not, respectively. Thus, for each gene, the two probes could show protective effects (1, 1), one protective and one non-protective (1, 0) or both non-protective (0, 0).
The F value for the gene effect in an ANOVA was 2.168, with a probability as low as P = 1.15E-12. The calculated intraclass correlation coefficient between the probe values was t = 0.344, whereas a test randomizing the probe sets' gene identities found a maximum value of t = 0.150 for the coefficient among 999 random replicates. These results therefore suggest a clear hybridization protective variation signal common to both probe sets from the same gene.
The high frequency of genes with protective-consistent expression changes, i.e., those changes most extreme in the least depressed sublines, was not related with an increase in variance in these sublines within probe set. The variance between lines within probe As explained in Materials and Methods, we had to pool the extracts from thirty adult males in every analyzed sample to obtain the mRNA quantities required to run each microarray in the experiment. Appropriate pooling has been shown to improve efficiency for microarray experiments (Peng et al. 2003) . One study however (Shih et al. 2004) found discordances between the average expression of individual samples and 20 that of a corresponding pool sample, the magnitude of the discordance in each probe set increasing monotonically with its signal in the microarray. In any case, this effect was not associated with our results. When the list of expressed probe sets was divided in twenty intervals according to their mean microarray signal, the correlation between the intervals' median of the averages and their proportion of protective expression patterns (the relationship studied in Shih et al. 2004 ) was 0.188 (P = 0.427).
Another concern that may be raised regarding our main observation of a pervasive protective-consistent pattern is that the normalization process performed on the data (RMA) could generate some sort of bias in the relative expression changes of the least and most depressed sublines, so that the main result of this study is an artefact of the normalisation. To address this concern we analysed directly the raw data without any adjustment or normalization step, simply averaging in each individual array the perfect match probes in each probe set. In this case, the number of probes with protective, nonprotective and other patterns (following Figure 1) are 4830, 3045 and 1258, respectively. When only the first step in the RMA sequence of adjustment steps (the probe-position background correction) is made, the numbers are 4993, 2918 and 1222, respectively. These numbers can be compared with the corresponding ones using RMA normalised data, which are 4996, 3013 and 1124, respectively. It is clear that the preponderance of protective patterns over non-protective ones is hold with the raw data. This is also evident by looking at Supporting Figure S3 , which is equivalent to Figure 8 but considering raw expression data rather than normalised data. Therefore, normalisation is not responsible for any artefact causing the observed general patterns.
Protective-consistent changes in expression were more specific in function than nonprotective ones. This would be expected if the first corresponded to functional, established pathways coping with alterations in body condition, whereas the second corresponded to contingent, heterogeneous disruptions in development and metabolism.
The functions of protective-consistent genes were diverse but a clear specificity on RNA splicing functions for up-regulated probes, and on energy generation for downregulated probes was apparent.
The enrichment in energy derivation functions among the down-regulated protectiveconsistent genes suggests physiological measures to save energy. There are to our knowledge no clear expectations about energy use changes in inbred Drosophila melanogaster. It has been found (Ketola and Kotiaho 2009) 
that inbreeding in the insect
Gryllus firmus had, relative to controls, increased CO 2 production (used as a proxy of respiration and energy use) at rest and decreased under forced exercise (the signs of these differences implied a depression in the capacity to mobilize body resources), but the extrapolation to gene expression at the moment of sampling in our fly populations is not straightforward. In any case, the observation that the reductions in expression were largest in the least depressed sublines suggests that they had a fitness enhancing role. We defined the protective pattern as that in which the expression of the least depressed sublines is more extreme than that of the most depressed sublines, and the nonprotective one as that in which the opposite occurs. This is a conservative view though, because changes in expression with a protective role against inbreeding may occur also under the remaining scenarios, as is the case with genes showing more expression in the least depressed sublines than in the controls, and in the controls more expression than in the most depressed sublines (white squares in Fig. 6 , functional enrichment analysis in Supporting File 3). These genes tended to be associated with the endoplasmic reticulum substrates that include glucose, calcium and redox buffers (Sherman and Goldberg 2001) . Kristensen et al. (2005) had already found that inbreeding affected the expression of protein Hsp70, involved in protein quality control, and interestingly, the protein Hsp70-annotated gene Dmel\CG2918 was one of the eight genes included in our Figure   5 that were up regulated in the least depressed and down regulated in the most depressed sublines (listed in the Supporting File 2). More evidence for a relationship between inbreeding and protein folding can be found in the lists of SAM-selected probe sets related with inbreeding in Kristensen et al. (2005) . These show that six up-regulated probes corresponded to genes in the protein-processing functional category GO:0006511, ubiquitin-dependent protein catabolic process. Ubiquitines are small proteins binding to unneeded proteins and labeling them for destruction in the proteasome (Hochstrasser 2009 ). Only one of the probe sets in our platform corresponding to these six was significant (P < 0.05; 1633951_at, for the gene Drosophila damage-specific DNA-binding protein 1 -piccolo-; up-regulated in inbreds, non significant for Dep).
Two of the eight genes up regulated in the least depressed and down regulated in the most depressed sublines were related in particular with protein targeting and localization. This function is very stringently regulated. Reumers et al. (2005) found that less than 1% human SNPs changed the subcellular localization of proteins, whereas more than 50% affected to protein folding and stability, indicating that the first changes were far less benign (see also Kohn et al. 2006) . One of these two genes, Protein transport protein Sec61 gamma-2 subunit -Sec61γ-, was already annotated as having cytoprotective effects in Drosophila melanogaster (Arsham and Neufeld 2009) . A simple and tentative interpretation of the above observations would be that inbreeding 25 reduces the efficiency in the production of functionally matured and located proteins and that the reduction was partially compensated in sublines that increased the expression of genes related with this production.
While both Kristensen's et al. ( , 2006 ) and the present study found inbreeding affecting the expression of genes involved in protein processing, the overlap in results was modest at most when considering specific genes (Supporting Table S2 ). Ayroles et al. (2009) listed the probe codes of three genes differentially expressed in their three highly depressed lines; Cecropin B, AFFYID: 1626530_at; Hsp70Bc, AFFYID:
1632841_x_at; and one gluthatione transferase, Dmel\CG6673, AFFYID: 1638074_at.
The first was not expressed in our experiment, and the other two showed no significant Table   S3 ).
Inbreeding is a whole-organism phenomenon, and it would not be surprising if it were related with genome-wide transcription alterations. Studies like the present one, analyzing broad patterns of gene expression and gene function categories, give a picture of the overall consequences of inbreeding that cannot be achieved when searching individual genes contributing to inbreeding depression. Our results seem to provide a new view on the genetics of inbreeding and are compatible with the hypothesis that inbreeding induces large-scale changes in gene regulation that would alleviate the ensuing depression. The between individuals variation in depression would be due not only to differences in the severity of the particular genetic alterations originating that depression, but also to differences in the ability to carry out depression-alleviating adjustments. Nevertheless, further evidence will be needed to confirm the prevalence of a pattern of expression compatible with the protection against inbreeding depression effects. In addition, a more complete understanding of the consequences of inbreeding would require research on the two mechanisms involved: those causing the depression and those reducing its magnitude. Expression analysis was carried out for these sublines´ sets as well as for an outbred control obtained from the base population. Asterisks indicate a significant difference (P < 0.05) between the observed proportion and that obtained after randomization. We show the frequencies of the different expression profiles in each tier. The most relevant functional terms enriching the genes in each profile are shown, giving preference to those most informative, significant and non-redundant.
FIGURE 9. Number of functional terms enriching exclusively each expression profile.
Analysis of the functional terms enriching the gene expression profiles in the four most extreme tiers in each direction in Figure 6 (1824 probe sets in the case of the most negative t values and 1837 in that of the most positive ones). As a conservative analysis, we show the number of terms enriching a particular profile in all four inbred lines and
